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The Chuckanut Formation is an upper Cretaceous to lower
Tertiary sequence of conglomerate, sandstone, siltstone, and
some coal deposited by streams near Bellingham, in western
Whatcom County, Washington. Paleocurrent analysis of an area
in the northwestern portion of the Chuckanut Formation shows
two stream directions: to the south or southeast for the
lower and middle sections and to the west or northwest for the
upper section of the unit. Distinct differences in the lithology
of clasts in the conglomerates support this conclusion.
Angular phyllitic and quartz clasts in the lower and middle
sections probably were derived locally from the Barrington
Phyllite, which underlies the Chuckanut Formation. No out­
crops of the Barrington Phyllite north of the study area are
known; however a westward extension of the Boulder Creek
Fault may have been active during Chuckanut time, forming a
structural high to the north that could have introduced
sediment into the Chuckanut depositional basin. Pink granitic
clasts, present only in the upper portion of the Chuckanut
Formation could have been derived from the Okanogan Highlands
to the east. Red chert in the upper portion of the Chuckanut
Formation could have been derived from petrographically simi­
lar chert now exposed to the v/est in the San Juan and Gulf
Islands; no other source of red chert is known. The lack of
volcanic clasts throughout the Chuckanut Formation implies
that the formation was deposited prior to the onset of vol- 
canism in the Tertiary magmatic arc to the east.
1
Data collected during the course of this study suggest the
Chuckanut Formation has no association with either the Puget
Group to the south or the Nanaimo Group to the northwest,
but was instead a structurally bounded basin of accumulation.
The Swauk Formation to the southeast may have been closely
associated with the Chuckanut Formation prior to the onset
of movement along the Straight Creek Fault.
ii
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The Chuckanut Formation, as defined by Weaver (1937),
makes up most of the Cascade foothills rimming the lowland
of western Whatcom County, northwest Washington (Figure 1).
The Chuckanut Formation consists of a thick sequence of
arkosic sandstone, conglomerate, siltstone, and coal of
probable latest Cretaceous to Paleocene age (Miller and
Misch, 1963; Misch, 1966). The entire sequence of beds
appears to be continental in origin, representing a former
vast alluvial floodplain (Weaver, 1937). No marine fossils
are known to occur in the Chuckanut Formation, but fossil
land plants are present and palynological studies (Griggs,
1966) suggest an age of late Cretaceous to early Tertiary.
To the south and east rocks of similar appearance and
age have been called the Swauk Formation; the stratigraphy
of these rocks has recently been revised by Gresens ^ al.
(1977). To the north and northeast the Chuckanut Formation
may be correlative with the upper part of the partly marine
Nanaimo Group (Weaver, 1937; Miller and Misch, 1963; Misch,
1966; Muller and Jeletzky, 1970). The Nanaimo has been
assigned a Santonian to Maestrichtian age by Ward (1978).
In the study area the Chuckanut Formation rests uncon- 
formably upon pre-Tertiary rocks described by Schmidt (1972)
as either Yellow Aster Complex (Misch, 1952, 1966) or the
Turtleback Complex (McLellan, 1927); and the Barrington
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Phyllite (Vance, 1957). Folding and faulting of the
Chuckanut Formation, which took place during the early
Tertiary, was followed by erosion which truncated some of
the previously formed structures. The erosion was followed
by deposition of fluvial sediments that have been correlated
with the Upper Eocene Huntingdon Formation (Miller and Misch,
1963; Misch, 1966).
Previous Work
White (1888) originally described the sandstone, shales,
and conglomerate of Whatcom and Skagit counties as part of
the Eocene Puget Group. McLellan (1927) was the first to
apply the term Chuckanut Formation to the unit. Glover (1935)
measured two type sections (incomplete), one along Chuckanut
Drive and the other along the west side of Lake Whatcom; he
inferred a thickness of over 4800 meters. Weaver (1937)
determined the areal extent of the Chuckanut Formation in
Whatcom and Skagit counties and remeasured the type sections
that were established by Glover.
Miller and Misch (1963) describe a major angular uncon­
formity on American Sumas Mountain, northeast of the study
area, which diyides the continental rocks of the area into
two distinct sequences. They consider the lower sequence to
be equivalent to the Chuckanut Formation and the upper
sequence to be correlative v;ith the type locality of the
Huntingdon Formation of Daly (1912). Kelly (1970) described
approximately 300 meters of the lower portion of the Chuckanut
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Formation along Interstate Highway 5 adjacent to Lake Samish.
Schmidt (1972) mapped the contact of the Chuckanut Formation
v/ith the underlying pre-Tertiary rocks in the vicinity of
Oyster Creek. Weaver (1937) described the Chuckanut Forma­
tion as in part contemporaneous with lithologically similar,
continental, Eocene beds of King and Pierce counties, referred
to as the Puget Group. However, this correlation has not
been verified.
Study Area
The area chosen for this study is in the vicinity of
Chuckanut Mountain, from Oyster Creek on the south to Chucka­
nut Village on the north and from Governor's Point on the
west to Samish Lake on the east (Figure 1).
Purpose
On a local scale, a paleocurrent analysis of this por­
tion of the Chuckanut depositional basin can lead to an
interpretation of paleocurrent directions, paleoslope, facies
boundary relations, and to the reconstruction of the paleo- 
geography of the basin. Because sedimentation is dependent
upon tectonic uplift and/or subsidence, every basin fill is
a consequence of tectonic movement and thus is related to a
particular tectonic setting (Potter and Pettijohn, 1977).
Weaver (1937) infers,southerly or southwesterly flow directions
for the stream which deposited the Chuckanut Formation.




























part of the Nanaimo Basin in the vicinity of the San Juan
Islands as having been transported by north-directed streams.
Therefore, a paleocurrent analysis of this part of the
Chuckanut Formation may help to confirm correlation with
either the Cretaceous Nanaimo Group to the north or the
Eocene Puget Group to the south and help to provide some
constraints for the reconstruction of the Chuckanut deposi-
tional basin.
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LITHOLOGY OF THE CHUCKANUT FORMATION
The Chuckanut Formation is composed for the most part
of massive, cross-bedded to stratified, medium to coarse
grained, grayish brown to brownish gray sandstone; and
subordinate amounts of sandy shale, varying in color from
gray to light or dark brown (Weaver, 1937). Intercalated
within the sandstone beds are conglomerate lenses containing
clasts of highly variable lithology. Coal seams were not
observed in the study area, but small fragments of carbonized
plant material are common. The lower portion of the section
along Chuckanut Drive, measured and described by Weaver (1937)
as the most complete of any in Whatcom or Skagit counties,
is predominately fine to medium grained sandstone containing
shaley intercalations (about 30%) overlain by more thickly
bedded, coarse grained sandstone. The middle and upper
portions consist of more m.assive, often cross-bedded, coarse
grained sandstone; with thick conglomerate lenses and sub­
ordinate amounts of grayish-brown shale (Weaver, 1937).
Siltstone and Shale
The fine grained siltstone and shale is dark gray in
fresh exposure, weathering to grayish brown or in some cases
to light gray. Shale containing abundant fossil plant
matter—leaves, stems, and, in some cases, palm fronds—is
dark gray to black. Many of the fine grained rocks are
fissile and therefore more easily eroded than the coarse
grained sandstone and conglomerate. Some siltstone beds
7
are poorly laminated toward the base; becoming more regularly
laminated with cross-bedding toward the top of the bed. Pre­
sumably, this type of small scale (1 to 15 cm) cross-bedding
reflects overbank or floodstage deposition (Kelly, 1970;
Potter and Pettijohn, 1963, 1977).
At the base of the Chuckanut Formation near Samish Lake,
Kelly (1970) found a siltstone bed containing angular quartz
pebbles and discontinuous seams of carbonaceous material.
Schmidt (1972) and Ellis (personal communication, 1979)
have described the Chuckanut basal siltstone found near
Oyster Creek as an ancient, iron-rich paleosol, containing
small pisoliths (less than 0.5 mm) developed on the under­
lying pre-Tertiary serpentinite.
Sandstone
The predominant sandstone in the Chuckanut Formation is
medium grained, gray on fresh surfaces and gray-brown or
buff on weathered surfaces. At many places the sandstone is
characterized by cross-bedding, emphasized by the presence
of micaceous minerals oriented parallel or subparallel to
the beds. Casts and fragments of leaves, stems, and large
pieces of carbonized wood are found throughout the Chuckanut
Formation, usually near the base of massive beds. Certain
strata are loosely cemented and easily eroded while others




Conglomerate beds in the study area vary greatly in
thickness, clast size, and composition. Many small conglo­
merate lenses contain well rounded clasts which exhibit
preferred orientation; while other, more massive beds, con­
tain angular or rounded clasts with no observed orientation.
Clast types vary from bed to bed. Three types of conglo­
merate, distinguished on the basis of clast composition and
visual proportion estimates of clast proportions, are recog­
nized in the study area.
Basal Conglomerate
A white quartz pebble conglomerate found very near the
base of the Chuckanut Formation is composed almost entirely
of both angular and well rounded quartz pebbles. The average
clast size is 2 cm but pebbles up to 7.5 cm are found. Bed
thickness varies from outcrop to outcrop, but averages 33 cm.
A few phyllite pebbles occur in the conglomerate, probably
derived from the underlying metamorphic rocks. This conglo­
merate has been described by various authors (Jenkins, 1923;
Glover, 1935; Weaver, 1937; and Kelly, 1970) as typical of
the basal Chuckanut Formation.
Phyllitic Conglomerate
The phyllitic conglomerate is found in an intermediate
or lower stratigraphic position in the field area. The clast
composition is predominantly phyllite and quartz pebbles with
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subordinate amounts of metavolcanic (greenstone), intraforma- 
tional sandstone, and granitic clasts making up the remainder.
Average clast size is 5 cm; however, clasts to 20 cm occur.
Bed thickness varies, but averages 45 cm. Variations in
thickness of beds or lenses and composition do occur.
Chert-Granitic Conglomerate
The chert-granitic conglomerate is found in beds or
lenses in the northwest portion of the field area, high in
the section. This conglomerate type contains chert and a
higher proportion of granitic clasts than the other two
conglomerate types. At one outcrop on the shoreline east
of Clark Point (Figure 2), granite, phyllite, and quartz
clasts are predominant, with intraformational sandstone,
chert, and a few rhyolite clasts making up the remainder.
Average clast size is 1 cm; however, clasts to 4 cm are
observed.
Of the numerous conglomerate localities observed during
the course of this study, only those most accessible were
recorded, thus I present a data base of eleven localities
from which subsequent studies may be undertaken.
Conglomerate types found in study area;
basal conglomerate (sample taken from
west end of Lake Samish).
FIGURE 2a.
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FIGURE 2b. Conglomerate types found in study area;
phyllitic conglomerate (near small cove
on west end of Governor's Point).
-
Figure 2c. Conglomerate types found in study area;
chert-granitic conglomerate (near Teddy
Bare Cove, east of Clark Point).
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STRUCTURE
The contact of the Chuckanut Formation with the under­
lying pre-Tertiary rocks is characterized by the previously
described paleosol, indicating an erosional unconformity.
No evidence of a fault contact between the Chuckanut Forma­
tion and the underlying rocks was observed. The Chuckanut
Formation is deformed into moderately-tight to open folds
(Misch, 1966). The trend and plunge of the folds vary
throughout the study area (see Appendix i). No major faults
were observed in the study area; however minor faults, pro­
bably related to folding, occur, especially in areas with
tight folds. The fold axes show evidence of minor refolding
after the major early Eocene deformation. This later event
was probably associated with the formation of the Bellingham
Basin (Miller and Misch, 1963; Misch, 1966).
Structural attitudes of bedding were taken at numerous
sites throughout the field area (see map, Plate 1) to deter­
mine the axes and plunge directions of the major folds.
Stereonet rotations of structural attitudes were made to
determine the trend and plunge of the fold axes, using
methods described by Dennison (1968). The measured trend
of the major syncline, in close agreement with data




Sedimentary structures formed during deposition are
among the most useful criteria for interpreting depositional
environments. Many indicate either a line of movement
(scalar) or a direction of movement (directional) (Potter and
Pettijohn, 1963, 1977). Cross-bedding is the only primary
structure found in sufficient quantity in the Chuckanut
Formation to be of use in a statistical analysis. The cross­
bedding is typically tabular (Figure 3); however, trough
crossbeds do occur with observed amplitudes varying from a
few centimeters to nearly 75 cm.
Data Collection
In areas where the strata are relatively flat-lying,
standard techniques for data collection as outlined by
Potter and Pettijohn (1963, 1977), Royse (1972), Pryor (1960),
and many others may be used. In areas that have undergone
tectonic deformation, problems arise that may affect not only
the selection of sample sites, but subsequent data reduction
procedures as well.
In the study area, sample sites were selected according
to stratigraphic position, accessibility, and to obtain as
near a uniform distribution as possible. Steep topography
and heavy vegetation make outcrops difficult to reach. At
many sites where crossbed foreset attitudes can be obtained,
no master stratification is available for measurement. Master
stratification is the attitude of the principal surface of
15
FIGURE 3. Tabular versus trough cross-bedding
(after Potter and Pettijohn, 1977,
p. 92).
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accumulation (true bedding). At other outcrops only two- 
dimensional sections of the foreset beds are present. This
is a problem because a three-dimensional view of the cross- 
bedded layer must be seen in order to distinguish between
tabular and trough cross-bedding; and only with a three- 
dimensional view is the true dip and strike of the crossbed
obtained. In the Chuckanut Formation, tabular cross-bedding
is much more common than trough cross-bedding (Figure 4).
For this study only measurements of tabular crossbeds were
made, in order to standardize data acquisition as well as
to facilitate data reduction procedures.
Data Reduction
Ten Haaf (1959) and Ramsay (1961) have shown that if
the foreset dip direction of crossbeds is at high angles to
structural dip, the restored azimuth of the foreset bedding
can vary appreciably, even if the structural dip is as low
as 10° (Figure 5). Therefore it is necessary to restore the
beds to their original orientation by correcting for plunge
as well as tectonic tilt before an accurate paleocurrent
analysis can be made. Although restoration can be done by
hand using graphic methods, computer programs can save time.
In addition to saving time, computer processing also yields
more precise rotations than those obtained by hand manipula­
tion. Computer programs devised by Parks (1974) will accept
data as recorded in the field, correct for plunge of folds
and rotate the fold back to horizontal. Further manipulation
17
FIGURE 4. Tabular crossbeds in the Ghuckanut
Formation (near Wildcat Cove).
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FIGURE 5. Effects of flexure folding on sedimentary
strata (after Ramsay, 1961, p. 96).
(Top) Normal crossbed, inclined 30° to
regional bedding.(Center) Notice steeper crossbed angle on
left limb and shallower angle on
right limb.(Bottom) Additional compressional folding.
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of the data produces vector resultant, vector length,
variance, F-ratio, 100 times consistency ratio, standard
deviation of azimuth, sum of sine theta, and sum of cosine
theta. Rose diagrams, with various options, can be produced
using a Cal Comp plotter. For a more detailed description
of data manipulations see Parks (1974).
Data Presentation
Three sets of computer rotations of the field data were
made using various controls: first, ignoring effects of the
plunge of folds in the field area; second, using the trend
and plunge of the major syncline as an average for the field
area; and third, using the trend and plunge of the folds
obtained from structural data (Plate 1) for each sample
locality. Rose diagrams, with vector resultants, of each
type of control were plotted (Figure 6) to determine the
effects of fold plunge and trend on the paleocurrent measure­
ments. Sigilificant differences occur if trend and plunge data
are ignored. Although the vector resultants based on the major
syncline agree favorably with those of the restored fold method,
I used the restored fold method to maintain as high a degree
of control on data manipulation as possible. Corrected fore­
set bed attitudes for each locality are presented in tables
in Appendix I. Vector resultants and other calculated para­
meters (see above, this page) are presented in tables in
Appendix II and plotted on current Rose diagrams (Figures
20
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8-10). Vector resultants are plotted on Figure 7.
A variety of regional maps aid in data interpretation.
Figure 8 shows the study area divided into five areas on
the basis of the physical location of the sample sites.
Areas 1 and 3 exhibit westerly paleocurrent directions,
whereas areas 2, 4, and 5 exhibit southerly or southeasterly
paleocurrent directions. In Figure 9 there are four groups,
spaced upwards through the section, based on structure and
lithologic variations determined during the course of this
study (see map, Plate 1). Here, areas 1 and 2 have westerly
to northwesterly paleocurrent directions, and areas 3 and 4
have southeasterly paleocurrent directions. A third figure
(Figure 10) divides the study area into two areas based on
sample site location, lithologic variations, and vector
resultants. In this interpretive map Section 1 data exhibit
a westerly to northwesterly paleocurrent direction and data
of Section 2 exhibit a southeasterly paleocurrent direction.
Each of these three interpretations of the data show: one,
the lower and middle portions of the section and southern
part of the field area have southerly or southeasterly
paleocurrent directions and, two, the upper portion of the
section and northern part of the study area have westerly
paleocurrent directions. Data for each of these groupings
is in Appendix III.
FIGURE 7. Vector resultants of data at eachsample site (see Appendix II).
FIGURE 8. Study area divided into five areas
on the basis of physical location
of sample sites.
FIGURE 9. Study area divided on the basis of
structural and lithologic variations.
L.
FIGURE 10. Study area divided on the basis of
sample site location, lithologic
variations, and vector resultants.
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DISCUSSION
Several restrictions limit the interpretation of data.
The areal extent of the study area limits the application of
my interpretations outside this specific locality. The age
boundaries of the Chuckanut Formation have not been determined;
palynological studies suggest the age is somewhere in the
range from late Cretaceous to early Tertiary (Griggs, 1966;
Pabst, 1968). Stream dynamics place restrictions on the data
also; the more complex the meander or braid patterns the
greater the variation expected in current directions. Finally,
all data is affected by the shape of the basin; that is,
whether the sediments were deposited in a basin bounded on
one or more sides by uplifted blocks or on a broad alluvial
plain.
If the site of deposition of the Chuckanut Formation was
an alluvial or coastal plain, it is probable that the sedi­
ments would have a broad,sheet-like shape, with a nearly uni­
form direction of stream flow dictated by regional slope.
A sediment source in mountains or high hills in a direction
opposite to the regional slope would be unlikely.
If the site of deposition was in a structural or tectonic
basin, a thick, but laterally limited, accumulation of sediment
would be expected. In this case the direction of streamflow
in the basin would depend upon position in the basin (Figure
11 ). If the bounding blocks were of different lithologies,
the lithology of each would be reflected in the sediment clast






























































tional basins have been described by Buza (1977), and Gresens
et al. (1977) for the Eocene Chumstick and Wenatchee Forma­
tions in central Washington near Wenatchee. Data collected
during the course of this study favor a structural or tectonic
basin. This is because two distinctly different paleocurrent
directions are observed; a southerly or southeasterly direction
in the lower and middle stratigraphic sections and a westerly
to northwesterly direction in the upper section (see Figures 7-
10 ) of the study area. Differences in clast lithology are
also observed; the lower and middle sections, as measured by
V/eaver (1937), contain angular phyllite or quartz clasts;
the upper section contains, in addition to quartz and phyllite,
red chert and pink granitic clasts. Sandstone in the
lower and middle sections is usually fine to medium grained,
with little cross-bedding, and contains up to 30% shale inter­
beds; sandstone in the upper section is coarse-grained, thickly
bedded, and cross-bedded.
Granitic rocks in the upper Cretaceous (Phemister, 1944)
Coast Crystalline Belt to the north, in Paleozoic rocks of
"Wrangellia" to the west on Vancouver Island, and in Mesozoic
rocks of the Okanogan Highlands in eastern Washington may
have contributed to the Chuckanut Formation. Red chert clasts
in conglomerates in the Nanaimo and Speiden Formations in the
San Juan Islands to the west (McLellan, 1927), jasperoid
chert in the Extension Formation in the Gulf and San Juan
Islands (Ward, 1978), and pink chert in the Lopez Terrane
on Lopez and Lummi Islands (Cowan and Whetten, 1977) may have
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contributed to the Chuckanut Formation in the study area.
Angular phyllite and quartz clasts in the lower and middle
stratigraphic sections probably had a nearby source, the
Barrington Phyllite.
In the lower and middle sections of the study area
phyllite and quartz clasts apparently were derived from
nearby rocks to the north, which are either no longer exposed
or entirely removed. Recycled, possibly first cycle, red
chert was probably derived from rocks in the San Juan Islands
or in similar rocks, no longer exposed, to the north. K-spar
grains (Kelly, 1970) were probably derived from granitic
rocks in the Coast Crystalline Belt to the north or from
similar rocks on Vancouver Island to the west.
It is possible that a westward extension of the Boulder
Creek fault, which truncates the Chuckanut Formation near
American Sumas Mountain (Miller and Misch, 1963; Misch, 1966),
was active during or before Chuckanut Formation deposition.
This may have created a structural high to the north from
which much of the sediments for the lower and middle strati­
graphic sections of the Chuckanut Formation were derived.
Presumably the fault became inactive during or soon after
folding of the Chuckanut Formation and prior to the deposition
of the overlying Huntingdon Formation (Miller and Misch, 1963;
Misch, 1966). This seems plausible in light of similar
tectonic control on Tertiary basins in central Washington
(Buza, 1977; Gresens et ^., 1977).
30
Westerly to northwesterly paleocurrent directions in the
upper part of the stratigraphic section, indicate an eastern
(Okanogan Highlands) rather than a northern (Coast Crystalline
Belt) source for pink granitic clasts in conglomerates of
that section. A source in the Okanogan Highlands would seem
more probable if a structural high to the immediate north,
along the trace of the Boulder Creek fault, existed during
deposition of Chuckanut Formation sediments.
Petrographic studies (Kelly, 1970; Frizzell, 1979) indi­
cate that sandstone in the Chuckanut Formation contains
up to 3% chert., is relatively high in K-spar content (>10%)
and low in lithic volcanics (<10%). This places the Chuckanut
Formation in the "tectonic” provenance of Dickinson (1970)
and Dickinson and Suczek (1978), and further implies (based
on sparse volcanics) the Chuckanut Formation was deposited
prior to the onset of volcanism in the Tertiary Cascade mag­
matic arc to the east.
On the basis of petrologic data collected by Kelly (1970)
and Frizzell (1979), the Chuckanut Formation is probably not
correlative with the Puget Group to the south; volcanics
associated with the Puget Group (Frizzell, 1979) suggest a
different environment of deposition, perhaps associated with
with Eocene and younger rocks to the east.
Zircon fission track ages from intercalated tuffs indi­
cate the Swauk Formation ranges from early Eocene to middle
Eocene age. Lithologic and petrographic similarities (Frizzell,
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1979) indicate, however, a much closer correlation with
the Chuckanut Formation to the north (see Tabor et ,
1977; Gresens et , 1977). No paleocurrent analyses, to
my knowledge, have been attempted in the Swauk Formation,
It is possible that the Chuckanut and Swauk Formations were
more closely associated spatially prior to the onset of
dextral movement along the Straight Creek fault.
In summary, paleocurrent data collected for this study
indicate the Chuckanut depositional basin appears to have
no close association with either the upper Cretaceous Nanaimo
Group to the northwest or the Eocene Puget Group to the south
(based, in part, on Kelly (1970) and Frizzell (1979)), but
was instead a structurally bounded (on the north at least)
basin of accumulation for sediments introduced from the north
into the lower and middle stratigraphic sections and from the
west into the upper stratigraphic section.
Suggestions for Further Study
It is suggested that paleocurrent analyses be undertaken
in adjacent or nearby areas of the Chuckanut Formation, in
the Swauk Formation to the southeast, and in the Puget Group
to the south. Petrologic studies of clast lithologies in
the above areas should be compared and contrasted. Clay
mineral analyses in sediment of these areas would lend support
to depositional environment and paleogeography of the late
Cretaceous to early Tertiary of the Pacific Northwest.
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